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Background: Norway has achieved a noteworthy reduction in smoking prevalence over the past forty years. In 2015, 13% of Norwegians aged 13-74 smoked daily and a further 9% smoked occasionally. One of the objectives of the Norwegian 2013-16 national strategy for tobacco control is to achieve a reduction in the daily smoking prevalence to < 10% by 2016. This paper aims to estimate how long it will take for Norway to achieve the 10% smoking prevalence. Methods: A dynamic forecasting model using smoking prevalence data from national survey data on the prevalence of current, former and never smokers in the Norwegian population from 1985 to 2012 was used to estimate future smoking prevalence in the Norwegian population based on a continuation of current patterns in smoking cessation and initiation rates. Results: The result suggests that Norway's smoking prevalence among men and women will continue to decline if current trends of smoking initiation and cessation continue. Our model predicts, based on figures for , that the prevalence of current daily and occasional smoking among men and women will not fall below the 10% mark until 2029 for men and 2026 for women, if current trends continue. Conclusion: Smoking is likely to remain an important public health issue in Norway for many years. New strategies are needed to accelerate the decline in smoking in Norway. 
Introduction

W
ith a long history of tobacco control, 1 Norway has achieved a remarkable reduction in smoking prevalence over the past forty years. The percentage of Norwegians who smoke daily has declined from around 43% in 1973 to 13% in 2014. 2 The reduction in smoking prevalence has been most dramatic among men, with rates of daily smoking declining from 51% in 1973 to 14% in 2014, while rates of daily smoking among women has declined from 32 to 13% over the same time period. 3 Norway was one of the first countries to endorse a comprehensive tobacco control act that resulted in a significant decline in smoking prevalence. 1 The availability of snus, a moist smokeless tobacco product originating in Sweden that is placed under the top lip, on the Norwegian tobacco market might also be of importance for the decline in smoking rates. 4 The Norwegian 2013-16 national strategy for tobacco control includes increasing tobacco taxation, enforcing comprehensive advertising bans, placing graphic health warnings on tobacco packs, and restricting smoking in public areas and workplaces. 3, 5 Norway is also currently considering introducing plain packaging legislation; a measure previously introduced in Australia in 2012 and due to be introduced in France, UK and Ireland in 2016, which ensures that all tobacco products are sold in standardised packs without company logos or colours. 6 This strategy therefore aims to minimize smoking uptake by making tobacco products less appealing to young non-smokers and to make health warnings on packs more noticeable to current smokers. 6, 7 Despite a nearly 50% reduction in smoking prevalence since 2004, Norway endeavours to further reduce smoking prevalence. The Norwegian government has set three goals in their 2013-16 national strategy for tobacco control. The most ambitious of these goals is to reduce the daily smoking prevalence among adults aged 16-74 to <10% by 2016 and to 6% among young people aged 16-24; and to prevent people born after 2000 from starting to smokecreating a tobacco free generation. 3 This 10% smoking prevalence can only be achieved if $300 000 smokers or 43% of the current smoking population quit smoking.
To estimate how long it will take for Norway to achieve the 10% smoking prevalence, we used a dynamic forecasting Markov model to project the future smoking prevalence based on a continuation of current patterns in smoking cessation and initiation rates (see figure 1 ).
Methods
Our modelling approach is an adaption of Gartner et al. 8 ; however, rather than estimating current uptake and cessation rates in a separate model to the dynamic forecasting model, we now estimate all parameters (uptake, cessation rates and the projected smoking prevalence) concurrently in the one model, which reduced the uncertainty in the projected smoking prevalence estimates. However, this method meant it was not possible to combine the men and women into the one model as it was not possible to run two independent minimisation routines concurrently in the one model (one for women and one for men) and hence separate models for men and women were built.
The models were constructed in Microsoft Excel (Microsoft, Redmond, Washington, USA) using: (i) demographic data from Statistics Norway on the population size in 1-year age bands for men and women in the baseline year of 1985; (ii) year-specific probabilities of dying at each age for men and women; (iii) national survey data on the prevalence of current, former and never smokers in the Norwegian population from 1985 to 2012; (iv) age-specific and sex-specific relative risks of dying in current and former smokers compared with never smokers from the American Cancer Society's Cancer Prevention Study II (CPSII) (M Thun, personal communication). We used Monte Carlo simulation implemented with Ersatz, 9 add-in software for Excel to estimate the cessation rates and to determine the uncertainty in the estimated projections.
Observed current and former smoking prevalence
We used national survey data on the prevalence of current and former smoking in men and women in 1-year intervals from 1985 to 2012 in the age groups 20-24,. . . .60-64, 64-69 and 70-79 (see Supplementary Tables S1 and S2). 2 Current smokers included daily and occasional smokers; former smokers were former daily smokers; and never smokers included never and former occasional smokers who had never smoked daily. The effect of this categorisation was examined in sensitivity analyses by recalculating the model with the following categories: current smokers including only current daily smokers; former smokers including former daily smokers and all current occasional smokers and never smokers including never smokers and former occasional smokers (see Supplementary Appendix). The distribution in each survey year over the three states of current, former, and never smokers was assumed to have a Dirichlet distribution, 10 with the numbers as observed in the surveys as parameters.
As in Gartner et al., 8 the model assumed that all smoking uptake occurs at age 20, because adolescents who commence and stop smoking before age 20 are unlikely to incur smoking-related health risks. The observed prevalence of current smoking in 20-24 year olds was used to determine the proportion of 20 year olds who took up smoking. The forecasted proportion of 20 year olds taking up smoking for 2013 onwards was estimated by fitting a linear equation to the prevalence of current smoking from 2001 to 2012 in the 20-24 age group. The annual change from this equation expressed as a relative risk is used to project the future current smoker proportions.
Probability of dying in never, former and current smokers
The sex-specific and year-specific mortality rates for never, current, and former smokers were determined from the mortality rate in the total population, the prevalence of current and former smoking in the population and the relative risk of dying in current and former smokers from the CPSII study (see Supplementary Materials). The age-specific and sex-specific probability of dying among never smokers was assumed to remain constant from 2012 onwards.
The population numbers and numbers of deaths (and consequently the mortality rates) are assumed to not have uncertainty since these are whole population observations and not samples. The relative risks of dying are assumed to have a lognormal 
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Number of never, current and former smokers
For the years 1985-2012, the number of men and women in the Norwegian population alive at each age from 0 to 100+ was obtained from Statistics Norway. 12 The population was divided into three groups: current, former, and never smokers. The prevalence in each group was estimated from the prevalence of current and former smoking at each age in national survey data. After the baseline year (1985) , each of these subpopulations was followed according to a Markov process (see figure 1) . The number of never, current and former smokers at each age and in the years following the baseline year, was then estimated from (i) the number of each cohort in the preceding year, (ii) the probability of death among never, current and former smokers; and (iii) the proportional change in current smoking (see Supplementary Appendix). Yearly births were added to the model from 1985 to 2012, with projected births added from 2013 to 2035.
Cessation rates
The cessation rates for each 5 year age group starting from 20-24 until 70-79 years in two time periods (1985-2000 and 2001-12) for men and women were estimated using the method of weighted least squares. This procedure selected the set of cessation values that reproduced as closely as possible the observed past prevalence of smoking from 1985 to 2012. In order to account for the different sample sizes in each of the surveys we used the inverse of the variance of the observations to weight the observed smoking prevalence estimates in each year. In the Monte Carlo simulation, at each iteration, random numbers were drawn from the distributions of all the parameters in the model. Next, the Down-hill Simplex method was used to fit the cessation rates and the linear equation such that the model's outcomes closely reproduced the randomly drawn survey numbers. The fitted values for the 2001-12 cessation rates were then used to calculate the model outcomes (the projected number of current, former and never smokers for 2013-35) for that iteration. The procedure was repeated 2000 times. The resulting distributions of the cessation rates were plotted as histograms that revealed the distributions approximated a bell-curve. 
Rate of decline in smoking initiation
Prevalence projections 2013-35
The projected number of current, former and never smokers for each year from 2013 to 2035 was calculated for men and women using the estimated age-specific and sex-specific cessation rates for 2001-12.
Results
Cessation rates and decline in smoking initiation
The estimated yearly rates of decline in rate of smoking initiation among 20 year olds and cessation rates are shown in Table 1 (with lower and upper limits of the 95% UIs). Positive rates indicate a net overall decline in smoking prevalence in that age group in that time period, while negative rates indicate an increase. In men, the initiation rates steadily declined during the period 2001-12; however, during the period 1985-2000 the initiation rate was almost stable. Women showed a decline in initiation rate within both periods but higher rates in 2001-12. In both men and women, the cessation rate was highest in the 70-79 years age group in period 2001-12.
Model fit
The model produced a good fit of the estimated smoking prevalence for 1985-2012 to the observed values from the survey data as indicated by R 2 of 0.933 for male smoking prevalence and R 2 of 0.932 for female smoking prevalence (see figure 2) .
Forecasting results
Under the assumption that current trends in cessation and initiation rates will continue unchanged in Norway, our model predicts that smoking prevalence in men aged 20+ to fall to 19% (95% UI 18-20%) in 2016 and to 7% (95% UI 4-9%) by 2035. For women, the model predicts 17% (95% UI 16-18%) smoking prevalence in the population aged 20+ by 2016 and 5% (95% UI 3-6%) in 2035 (see figure 3 ).
Discussion
Our model suggests that the reduction in Norway's smoking prevalence among men and women, observed since 1973, will continue to decline if current trends of smoking initiation and cessation continue. However, smoking will not fall below the 10% mark until 2029 for men and 2026 for women. Our model also predicted the prevalence of current smoking rates for 2016 among men and women as 19 and 17%, respectively, or 18% overall, which is substantially higher than the Norwegian government's 2016 daily smoking prevalence goal of 10%. However, it should be noted that we included occasional smokers in our definition of current smoker, while the target prevalence references only daily smokers. We also ran the model with current smokers restricted to daily smokers (see Supplementary Appendix). The forecasted current smoking prevalence rates for 2016 were 12% for men and 13% for women, which is still above the 10% goal. However, under this definition for current smoking, the model estimates that smoking prevalence will fall below the 10% mark in 2018 for men (9.9%) and 2021 for women (9.8%).
The reason we included occasional smokers in our definition of current smoker is that almost half the occasional smokers in the survey data reported a weekly intake of five or more cigarettes, indicating relatively high consumption. Similar to regular smoking, occasional smoking has been linked to a number of adverse events. Among men, occasional smoking is associated with an increased risk of total mortality and cardiovascular mortality 13, 14 and increased risk of having coronary heart disease. 15 Among women, occasional smoking is associated with reduced birth weight in children 16 and greater risk of myocardial infarction and total mortality. 17 Previous attempts to reduce smoking prevalence have focused mainly on daily smokers as the highest risk group while neglecting occasional smokers. Consequently, occasional smoking prevalence has remained stable at around 10% for the last 30 years. 2 The no safe cigarette 'smoking-non-smoking' campaign, introduced in January 2013, specifically targeted occasional smokers and was a good initiative by the Norwegian government to reduce the number of occasional smokers. 18 New strategies are needed to accelerate the decline in smoking in Norway. A promising strategy is the introduction of standardized tobacco packaging or plain packaging by the Norwegian Ministry of Health and Care Services in 2015. 19 It is suggested that the introduction of mandatory plain packaging for tobacco products would: reduce the attractiveness of tobacco products; 20, 21 increase the noticeability of health warnings and messages; 22 and reduce smokers' misperceptions about the harmfulness of tobacco products as pack branding features such as colours are used to convey messages of reduced harm, such as lighter pack colours used to signify 'light' cigarettes. 23 Studies in Australia, the first country to introduce plain packaging in 2012, showed that the introduction of plain packaging of cigarettes coupled with larger graphic health warnings has reduced the appeal of smoking among adolescents and adults. 7, 21 Plain packaging also contributes to making the image of smoking less positive which has the potential to reduce smoking uptake among adolescents. 24 In addition, harm reduction strategies (e.g. switching from cigarettes to nicotine replacement therapy, snus or e-cigarettes) offer an additional approach that could encourage adults to quit or reduce their smoking. In Norway, the decline in smoking has been paralleled by an increase in the use of snus. In 2014, the percentage of daily snus use was 9%, a 33% increase from 2004. 4 Snus could contribute to the decline in smoking prevalence via two main pathways, either as a tool to assist quitting amongst smokers or as an alternative nicotine product for tobacco-prone youth. 4 Further, some studies have suggested that snus is a more effective cessation aid compared to other pharmacological nicotine products. 4 There is also a growing body of research that demonstrates the potential role of e-cigarettes as a cessation tool. 25 Cobb et al. (2015) 26 has recently developed a Markov model to operationalize the complex states and transitions that must be examined simultaneously and dynamically over time to determine the impact of alternative nicotine products such as snus and e-cigarettes.
Limitations
In our model, we were only able to estimate gender-specific smoking prevalence, rather than a combined overall prevalence. Unlike the definition of current smoking used in government estimates of smoking prevalence which includes only daily smokers, we included occasional smokers as well which produced higher estimates for the prevalence of current smoking. How best to define a current smoker is not clear. In terms of health outcomes, regular occasional smoking (e.g. weekly) will still confer substantial health risks and hence reducing this low-rate of smoking in the population is also important. 14, 27 Our modelling also looked only at net cessation, and therefore did not explicitly model people who take up smoking after the age of 20, or people who repeatedly quit and relapse. The former group will be small and will therefore not affect results much. The latter group is larger but will on balance probably be captured either in the former or current smoker groups. The excess risk of dying is modelled simply as a relative risk for current and former smokers. In reality, smoking-related mortality depends on a large number of variables such as number of smoking years, smoking intensity, time since quitting etc. However, the simple approach we took is sufficiently precise for the purpose of projecting the future smoking prevalence, the main determinants of which are the initiation rate and the cessation rates. Our Markov model also only examined one tobacco product (cigarettes) and did not include other forms of tobacco, such as snus or non-tobacco nicotine products, such as e-cigarettes.
Conclusion
Norway's smoking prevalence will continue to decline if the current rates of initiation and cessation are maintained. However, based on a continuation of current smoking and initiation patterns, smoking will remain an important public health issue in Norway for some time to come. More and new strategies are needed to increase cessation in current smokers and to lower the initiation rates.
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